Perchlorate is found in groundwater and drinking water throughout the United States. This contamination is largely attributed to the use of ammonium perchlorate (AP) in the solid fuel for rockets and missiles. The primary health concern is that perchlorate competes with iodine for uptake into the thyroid gland, which can result in an iodine deficiency. There is considerable debate on the proper oral reference dose (RfD) for perchlorate [expressed in milligrams of perchlorate per kilogram of body weight per day (mg/kg-day)]. The defense industry must concern itself with the standards adopted by the U.S. Environmental Protection Agency for perchlorate in groundwater. While the debate is not yet over, a perchlorate drinking water equivalent level (DWEL) of 1 part per billion (ppb) corresponding to an oral RfD of 0.0003 mg/kg-day is proposed in the EPA draft document released January 2002.
Objective:
The objective of this project is to develop environmentally benign solid rocket propellant formulations that do not use AP as an oxidizer. In so doing, future contamination in groundwater will decline by reducing the production and use of AP as an oxidizer in solid rocket motors.
Process/Technology Description:
Many programs and patents have explored the feasibility of replacing AP with non-halogenated oxidizers, including hydrazinium nitroformate (HNF), ammonium nitrate (AN), ammonium dinitramide (ADN), and hydroxyl ammonium nitrate (HAN). Each of these compounds present significant problems in performance, sensitivity, toxicity, or stability. Using combinations of organic and inorganic fuels and oxidizers, AP-free propellants can be developed with the same performance characteristics as AP-based formulations. The environmental fate and transport and toxicity of all candidates are being evaluated prior to formulation work. Propellants using a chemically cross-linked rubber binder with ball powder [60/40 nitrocellulose (NC)/nitroglycerine (NG)] as filler are an effective medium in which to exploit new oxidizers. Making the rubber binder with plasticizers that do not swell the NC enables high performance and good mechanical properties. ATK Thiokol has made propellants with 50% ball powder and 10% tetramethylene tetranitramine (HMX) in a plasticized binder that have go/no-go values in the 70 plus or minus 10 cards range in the Naval Ordnance Laboratory (NOL) Large Scale Gap Test (LSGT). The NOL LSGT at 70 cards is a critical safety threshold for new formulations that hope to replace AP-based versions. The ball powder system is low cost and sensitive to bismuth compounds for ballistic modification. The selected new organic and inorganic oxidizers will have sufficient oxygen balances, heats of formation, and density to help replace AP when used as supplemental oxidizers in ball powder propellants.
Expected Benefits:
It has been estimated that more than 24 million pounds of AP are produced each year. Recent concerns about AP emissions have resulted in the elimination of most release sources. However, when AP is used as an oxidizer in rocket propellants, contamination of groundwater at very low levels cannot be ruled out. This project is designed to develop propellants that have a modifiable burn rate, meet or exceed current performance specifications, and are environmentally benign. (Anticipated Project Completion -2007) 
